Summary.-Five tumour cell lines have been derived from a primary squamous carcinoma of the tongue, from 2 subsequent local recurrences, and from 2 lymph -node metastases-all from the same patient. While the cell lines shared many morphological and biochemical characteristics, those derived from recurrences and metastases appeared to be less differentiated, were less well organized in culture, and displayed fewer desmosomes and tonofilaments than cells in the primary tumour line. A recurrent line showing greatest morphological divergence from the primary tumour line also demonstrated the greatest differences at the ultrastructural level, in increased production of plasminogen activator and in the composition of cellsurface glycoproteins.
MUCH EMPHASIS has been attached to a concept, derived from work with induced neoplasms in animals, that primary tumours may contain subpopulations of malignant cells with an increased capacity to invade and metastasize (Fidler, 1973 (Fidler, , 1975 Fidler et al., 1978; Poste & Fidler, 1980) . Whether such subpopulations exist in human tumours, and whether "they play a clinically significant role within the time frame of naturally occurring metastasis" (Weiss, 1980 ) is unknown; but attempts to establish lines of human carcinoma cells derived from primary and recurrent or metastatic lesions in the same patient are of some relevance to this question. We report here the establishment and certain properties of 5 tumour cell lines derived from a primary squamous carcinoma of the tongue, 2 subsequent local recurrences and 2 lymph-node metastases, all from the same patient.
METHODS AND MATERIALS

Clinical history and surgical pathology
The patient (L.B.) was a 54-year-old man who presented with a 3-month history of an enlarging ulcer on the right border of the anterior two thirds of his tongue. Biopsy of this 2 x 3 cm ulcer showed a well differentiated squamous carcinoma. He was initially treated by chemotherapy and radiotherapy and then by 3 radical surgical procedures, from the first 2 of which tumour material was obtained for culture. The relevant details are summarized in Table I .
Laboratory investigations
Cell lines-.A cell line was established from the primary tumour and subsequently from 2 local recurrences and from 2 nodal metastases. The methods used were, in each case, the same as previously described (Easty et al., 1981 Histology, electron microscopy.-Standard histological processing and staining procedures were used. The techniques for electron microscopy have been described (Easty et al., 1981) .
Analysis of surface glycoproteins.-The membrane proteins of confluent cultures in 25cm2 culture flasks were radio-iodinated using lactoperoxidase (LPO) by a modification of the method of Hubbard & Cohn (1976) . Each flask was washed x 3 in phosphatebuffered saline (PBS) and treated with a solution consisting of 25 jug LPO (Sigma) and 2 ,ul glucose oxidase solution (Sigma type V, 5 ,ug/ml) in 2 ml PBS containing 20mM glucose and 1 mCi 1 25I (Radiochemical Centre, Amersham) at room temperature for 10 min. They were then washed with 5 ml PBS containing 1 jug/ml Nal and lysed with 1 ml PBS containing Nonidet NP40 (0-5 % v/v), iodoacetamide (5 mM) and PM SF (1 mM). The labelled proteins were precipitated with acetone using 5:1 v/v acetone: lysate, and the precipitates dissolved in 200 ,ul 0-1% sodium dodecyl sulphate in 62-5mM Tris buffer (pH 6-8) containing 0-IM 2-mercaptoethanol, by heating at 100°C for 2 min. The dissolved precipitates, which contained equivalent amounts of radioactivity, were then electrophoresed on 7.5% polyacrylamide gels with the appropriate standard markers for molecular weight.
Other biochemical analyses.-The quantities of carcinoembryonic antigen (CEA) released by confluent cultures of the cell lines over a period of 24 h were measured by radioimmunoassay using the method of Laurence et al. (1972) . The quantities of immunoreactive f-hCG were similarly measured, using a modified version of the technique described by Orth (1974) ; for details see Easty et al. (1981) . The release of plasminogen activators by the established cell lines was measured using the method of Jones et al. (1975) with 1251-labelled fibrin as substrate. Confluent cultures containing 3-4 x 106 cells were incubated for 24 h in Dulbecco-Eagle's medium containing 10% FCS in which the protease inhibitor oC2-macroglobulin had been inactivated by reduction of the pH of the serum to 3 0 for 2 h at room temperature. Plasminogen-activator activity of serial dilutions of the culture medium was measured and compared with the activity of dilutions of human urokinase (Leo Laboratories) varying from 25 to 0-1 Ploug units per ml in identical control medium.
RESULTS
The establishment of the original cell lines from the primary squamous carcinoma of the tongue and the other 4 lines was accompanied by considerable growth of fibroblast-like cells which were eliminated mechanically with a rubber-tipped metal probe. None of the primary cultures was subcultured until all detectable fibroblasts had been eliminated. The Tripolar mitoses were frequently seen in all the cultures. The doubling times of HN-6, HN-6Rr and HN-6nI were closely similar, but the doubling time of HN-6n2 was more than twice as long (Table II) . Both HN-6 (Fig. 1) easily-transplantable xenografts in immunesuppressed mice. Histologically, the xenografts closely resembled the tumours from which the cells originated.
Electron microscopy Vertical sections of the cultures revealed a number ofdifferences between the various cell lines; all the lines derived from recurrent or metastatic tumours were less well organized than the line derived from the primary tumour.
Cell line HN-6, from the primary tumour, grew as a multilayered structure with the cells flattened parallel to the surface of the culture flask (Fig. 3) . The cells exposed to the culture medium were always more flattened than the cells beneath them, and they contained short microvilli on their upper surface. Desmosomes and cytoplasmic bundles of tonofilaments were prominent, particularly in cells from the upper layers of the culture.
Cell lines from recurrent and metastatic tumour (6Rr, 6Lr, 6nl, and 6n2) grew in a considerably less organized manner. Although the cultures retained their multilayered pattern, the degree of flattening of the cells at the upper surface was reduced; so, too, were the numbers of microvilli on their upper surface (Fig. 4) .
Desmosomes and cytoplasmic bundles of tonofilaments were infrequently seen. The cell membranes often formed highly irregular processes, giving a more disorganized appearance than in the primary tumour. Disorganization was most marked in cells established from the local recurrence 6Rr, where the cultures were multilayered but lacked any obvious polarization (Fig. 5) . Only one morphological cell type was seen. Numerous short processes of the cell membrane were present, and the cells contained large areas of cytoplasm with few organelles. Desmosomes were rare, and no bundles of tonofilaments were seen in the cytoplasm.
None of the cell lines produced detectable CEA, but all released very similar quantities of immunoreactive ,B-hCG into their culture medium (Table II) . Significant and reproducible differences in the quantities of plasminogen activators released have been recorded; the 6Rr line, which formed prominent multilayered mounds of cells, produced significantly more than the other 3 lines. Analysis of the surface glycoproteins of lines 6, 6Rr and 6nl revealed quantitative differences in the intensity of labelling of the bands, with 6Rr showing differences from the other 2 lines. No convincing qualitative differences could be detected between the 3 lines (Fig. 6 ).
DISCUSSION
As far as we are aware, these 5 lines represent the first set of primary, recurrent and metastatic human tumour lines established from the same patient. Apparently different lines have been obtained from a single tumour by Auersperg (1969a; b) The tumours had all been exposed to irradiation and cytotoxic drugs before the lines were established. Secondly, there is the problem of selection of cells, which is inherent in all successfully established tumour lines; the extent to which tumour cells grown continuously in vitro can be directly compared with cells in corresponding tumour growing in vivo is always to some extent conjectural.
